Increased genetic gains for complex traits in plant breeding programs can be achieved 11 through different selection strategies. The objective of this study was to compare potential gains 12 for grain yield in a winter wheat breeding program through estimating response to selection R 13 values across several selection approaches including phenotypic (PS), marker-based (MS), 14 genomic (GS), and a combination of PS and GS. Five populations of Washington State University 15 (WSU) winter wheat breeding lines evaluated from 2015 to 2018 in Lind and Pullman, WA, USA 16 were used in the study. Selection was conducted by selecting the top 20% of lines based on 17 observed yield (PS strategy), genomic estimated breeding values (GS), presence of yield 18 "enhancing" alleles of the most significant single nucleotide polymorphism (SNP) markers 19
8 163 Selection strategies and response to selection 164 Different selection approaches for grain yield, namely phenotypic (PS), marker-based 165 (MS), genomic (GS), and phenotypic + genomic (PS+GS) selection were compared in this study. 166 For PS, the top 20% of the F5 and DH lines based on adjusted values for yield were selected. In 167 MS, lines having five yield "enhancing" loci identified from association mapping using the AMP 168 were selected. These loci represented the five most significant SNPs based on a Benjamini- 169 Hochberg FDR of 0.05 across datasets. In the GS approach, the top 20% of the breeding lines 170 having the highest GEBV were identified through independent predictions by training the AMP to 171 predict yield of the F5 and DH breeding lines (GS1). In another GS scenario, five of the most 172 significant markers identified from association mapping using the AMP were included in the 173 selection model as fixed effects to predict yield for the breeding lines using an RRBLUP model 174 (GS2). Finally, for the PS+GS approach, lines having the top 20% highest adjusted grain yield and 175 the highest GEBV were selected for both GS1 (PS+GS1) and GS2 (PS+GS2). The average of the 176 adjusted yield of the corresponding lines selected for each of the selection strategy was reported.
177
Comparisons between mean yield achieved by applying the different selection approaches were 178 also compared to the mean of the check lines.
179
Gains achieved through each selection approach were represented as the response to 180 selection, R, calculated as R= H 2 S [32], where H 2 is the broad-sense heritability calculated as 2 181 and S is the selection differential, calculated as S= µ Selected -µ Unselected , where µ Selected is = 2 2 + 2 182 the mean yield for the lines with a selection strategy implemented and µ Unselected is the mean yield showed higher R compared to the PS, whereas no R value for the PS+GS2 was observed to be 270 greater than that for PS alone (S5 Table) . Likewise, for the other selection strategies, an ; and based on the mean yield of lines having yield "enhancing" SNPs identified through an association mapping approach using an independent population of winter wheat lines (for MS) b Calculated as the difference between the mean yield of lines with selection and mean yield without selection, S= µ Sel -µ Unselected c Broad-sense heritability d Calculated as R= H 2 S This study reports the potential gains, represented as the response to selection R, which 286 could be achieved through employing different selection strategies for grain yield in a winter wheat [34]. One caveat for using the PS+GS approach for selection, however, is that in some instances, 303 there would be no lines that have both high GEBV and high observed yield selected, as in the case 
